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Addressing Data Within Dynamic Random Access Memory 

Field of the Invention 

5 The invention relates to a method for addressing dynamic 
random access memory, with providing a row address and 
column address to addressing terminals of the memory, in 
intervals provided by a timing clock signal. 

10 The invention also relates to a computer-program product 

with a computer program stored thereon for providing address 
information to a memory device for accessing data within the 
memory device, the program comprising instructions operable 
to cause a processor to, provide a row address and a column 

15 address to addressing terminals of the memory device 
sequentially . 

Further the invention relates to a computer system 
comprising a central processing unit (CPU) and a memory 
20 device with an address bus providing row address and column 
address from the CPU to the memory device sequentially, and 
a clocking device providing a timing clock signal or 
strobe (s) with rising and falling edges. 

25 In addition, the invention relates to a computer -program 

product with a computer program stored thereon for providing 
address information to a memory device for accessing data 
within the memory device, the program comprising 
instructions operable to cause a processor to provide a row 

30 address and a column address to addressing terminals of the 
memory device sequentially. 
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Finally, the invention relates to a mobile communication 
device with an inventive memory device and the use of the 
inventive memory device in consumer electronics. 

5 Background of the Invention 

Memory technology implies the need for accessing data within 
memory devices, such as random access memory or other memory 
devices. Therefore, different addressing strategies have 
10 already been proposed. 

Exemplarily for dynamic random access memory (DRAM) chips, 
data is stored well organized within arrays of rows and 
columns. This may be achieved using memory cells, organized 
15 as a matrix. Each memory block, e.g. each bit within the 
memory, may thus have a distinctive address. This address 
may be provided by a row address and a column address . 

Accessing the rows and columns is possible using a row and 
20 column address, provided by respective signals via an 

addressing interface. The addressing interface provides a 
number of address terminals, e.g. connection pins, which 
number may correspond to the bandwidth of the address bus . 
For instance, a bit address bus with a bandwidth of 13 bit 
25 may be supported by 13 single address terminals of the 
memory device. 

To select the respective memory blocks, address signals may 
be provided at the interface . The column may be addressed by 
30 a column address strobe (CAS) . The row is addressed by a row 
address strobe (RAS) . 
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For accessing the data, the central processing unit may 
provide via the addressing bus the row address strobe for 
selecting the correct row. After receiving the row address 
strobe, the respective row may be selected from the 
5 respective array within the memory device. The selected row 
may then be sensed from the array. There might be a delay 
for retrieving the row data from the memory. This time for 
reading the row and sensing the data and the delay may be 
called RAS-to-CAS-delay . 

10 

By providing the column address strobe after that, the 
respective column may be selected from the data buffer. The 
corresponding memory block, the piece of data which 
corresponds to the respective row and column within the 
15 memory, may thus be read from the memory and provided for 
further processing on a data bus. 

In particular within dynamic random access memory (DRAM) , 
data need to be refreshed after a while. Therefore, it is 
20 known to write data of a row, which has been cached in a 
cache, register, buffer or any other memory, back to the 
respective memory row within the memory device. This allows 
refreshing the memory. 

25 A full read/write timing clock cycle for accessing memory 
may insofar include the time for transmitting the row 
address strobe, the time for the RAS-to-CAS-delay, the time 
for transmitting the column address strobe, and the time of 
the CAS- latency. The length of a read/write timing clock 

30 cycle may also depend on the clocking of the bus. One 
read/write timing clock cycle may only be expressed in 
integers of clocking intervals. 
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By multiplexing the RAS and CAS onto one interface, the 
number of pins may be reduced. Multiplexing may be 
understood as providing the RAS and CAS one after the other 
to the respective address terminals via the address bus. 
5 Nevertheless, the number of address terminals needs to 
correspond to the bandwidth of the address bus. 

However, the number of pins at the address terminal is 
getting more critical, since new application designs require 
10 broader address bus bandwidth. Doubling the bandwidth of the 
address bus would require doubling the number of address 
terminals. As the package size of memory devices is required 
to be small, increasing the number of pins is hardly to 
implement . 

15 

Summary of the Invention 

To overcome the above-mentioned problems the invention 
provides a method for addressing dynamic random access 

20 memory, with providing a row address and a column address to 
addressing terminals of the memory, in intervals provided by 
a timing clock signal or strobe (s) , characterized in 
dividing the row address and/or the column address into 
parts, and providing the respective parts to the address 

25 terminals at a rising, and a falling edge of the timing 
clock signal or strobe (s). 

According to the invention, the row address and/or the 
column address may be divided into two or more parts, which 
30 may then be sent temporarily in sequence to the addressing 
terminals. According to the invention, the addressing 
terminals may be provided with the row address and/or the 
column address on both edges of the timing clock signal or 
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both edges of the strobe (s) . This signal has a rising and a 
falling edge. A timing clock period may be understood as a 
signal of one rising and one falling edge, which may be 
repeated harmonically. 

5 

According to embodiments of the invention, both the rising 
and the falling edge of the timing clock signal, according 
to embodiments the signal or any other clock signal such as 
strobe signal (s), may be used to provide the address 
10 information to the address terminals. By that, the number of 
needed pins may be reduced. The reduction of the number of 
pins depends on the number of parts the row and/or column 
address is divided into. 

15 As the row address and/or the column address is provided in 
parts, there may be a delay during address delivery from CPU 
to the memory device . The row address may be provided with a 
delay of half or more than half a timing clock cycle. 

20 However, this delay may be regarded as insignificant. In 

addition, when for instance two parts of the column address 
are provided, these may still be delivered after one full 
clock period. 

25 According to embodiments of the invention, the respective 
parts are provided to the address terminal at consecutive 
rising and falling edges of the timing clock signal or 
strobe signal (s) . By providing the respective parts at 
consecutive rising and falling edges, the delay may be 

30 reduced to a minimum. The inventive method allows removing 
limitations created by a fixed number of pins and also 
allows increasing memory capacity without increasing the 
number of pins . 

Express Mail No. EV 435648600 US 5 



PATENT 

Attorney Docket No. 915-007.089 

According to embodiments of the invention, dividing the row 
address into two parts is provided. By providing the two 
parts of the row address, respectively, at a first rising 
5 edge and a first falling edge within a timing clock cycle of 
the timing clock signal, the delay of address delivery of 
the row address may be reduced to a minimum. 

Also provided according to embodiments of the invention is 
10 dividing the column address into two parts. In such a case 
providing the two parts of the column address, respectively, 
after a delay or latency time for processing the row 
address, at a first falling edge and a following rising edge 
within a timing clock cycle of the timing clock signal 
15 allows providing the column address without any delay 
compared to common memory addressing. 

According to these embodiments, after the RAS- to-CAS-delay , 
the first part of the column address may already be provided 
20 at the first falling edge within the timing cycle of the 

timing clock signal. Then, by providing the remaining part 
of the column address at the following rising edge, allows 
providing the complete column address without delay compared 
to common memory addressing. 

25 

In particular, buffering the row data into a memory 
provides a latency for processing the row address of two 
rising edges, according to embodiments. 

30 To reduce the number of pins by more than half, embodiments 
provide dividing the row address and/or the column address 
into more than two parts. 
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Minimising delay of row address delivery is provided 
according to embodiments by providing the parts of the row 
address at rising and falling edges at the beginning of a 
timing clock cycle of the timing clock signal, respectively. 

5 

Reducing delay of column address delivery is possible by 
providing the parts of the column address after a latency 
time for processing the row address at the falling and 
rising edges at the end of a timing cycle of the timing 
10 clock signal, respectively, according to further 
embodiments . 

According to embodiments of the invention, a latency of two 
rising edges for processing the column address is provided. 
15 This latency allows refreshing the memory with the row data 
by writing back the data. 

Internal processing within the memory of the divided address 
information is provided by embodiments by processing the 
20 parts of the row address and/or the parts of the column 
address sequentially at the address terminals within the 
memory. According to these embodiments, the parts are re- 
assembled after being received completely and then processed 
accordingly. 

25 

Increasing retrieval of row data is possible by processing 
parts of the row address within the memory before receiving 
the complete row address, as provided by embodiments. By 
that, a pointer may already be calculated pointing to a 
30 certain area within the memory and then from this area the 
respective row may be selected after the complete row 
address as been received. 
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A further aspect of the invention is a dynamic random access 
memory device comprising address terminals for receiving 
address information, and address processing means for 
processing received row address and column address received 
5 via the address terminal, characterised in that the address 
processing means receive at least parts of the row address 
and/or column address at rising and falling edges of a 
timing clock signal, respectively. 



10 



15 



20 



25 



The number of address terminals may be reduced in as much as 
a number of address terminals T is the address bus size ADR 

ADR 



divided by an integer N such that T = 



N 



By that, the 



ceiling of 



ADR 

N 



may be used to calculate the required 



number of pins. For instance, in case the address bus size 
is 13 bit, the number of terminals may be reduced to 7 for 
N=2 . For an address bus size 14, the number of pins may also 
be 7 for N=2 . N may be an integer representing the number of 
parts the row address and/or the column address is divided 
into . 

In case longer delays are acceptable, more pins may be 
saved. For instance, with one clock delay the amount of 
needed pins may be reduced to 4 . In such a case, the address 
information is divided into N=4 parts. This results in 

13" 



T = 



= 4 



To provide pre-loading of a memory, embodiments provide row 
data to a row buffer after the row address has be received. 
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Another aspect is a computer system comprising a central 
processing unit (CPU) and a memory device, with an address 
bus providing row address and column address from the CPU to 
the memory device sequentially, a clocking device providing 
5 a timing clock signal with rising and falling edges, 

characterised by address processing means dividing the row 
address and/or the column address in parts, and providing 
the respective parts to address terminals of the memory 
device at rising and falling edges of the timing clock 
10 signal. 

Further aspects of the invention are the use of an inventive 
device in consumer electronic devices and/or mobile 
communication devices, as well as mobile communication 
15 devices comprising such memory. 

Brief Description of the Drawings 



The drawings show: 



20 



Fig . 



1 



a timing chart of a conventional memory 
addressing; 



Fig . 



2 



a timing chart of an inventive memory addressing; 



25 



Fig. 



3 



a further timing chart of an inventive memory 
addressing; 



Fig . 



4 



an inventive electronic consumer device. 



30 
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Detailed Description of the Drawings 

Figure 1 shows a conventional timing chart for addressing 
memory within a dynamic random access memory (DRAM) device. 
5 The timing clock signal CLOCK is depicted as pulse signal. 
The timing may be done by strobe signal (s) (not depicted), 
which may be included in standard DDR, or a timing clock 
signal CLOCK, which is also a common clock signal for 
synchronising data transfer on the address bus. 

10 

Below the timing clock signal CLOCK, or similar signals, for 
instance strobe signal (s), the timing of data on the address 
bus ADDRESS is depicted. The timing of row address R signal 
and the column address C signal are depicted. These address 
15 signals may be RAS or CAS signals. As depicted, at a first 
rising edge of the timing clock signal CLOCK row address R 
is provided on address bus ADDRESS. 

With this row address R, data within the respective row may 
20 be retrieved from the memory and stored within a sense 

amplifier. The latency due to sensing is accounted for by 
.waiting two timing clock signal CLOCK cycles with two rising 
edges until the column address C signal is provided at the 
next rising edge of the timing clock signal CLOCK. 

25 

After a further latency of two rising edges, data D may be 
provided at the data bus, as depicted in the data bus DATA 
timing chart. As can be seen from the data bus DATA timing 
chart, the data bus DATA already provides information at 
30 both rising and falling edges of the timing clock signal 

CLOCK or strobe signal (s) . After all data has been provided, 
the timing clock cycle may be repeated. The timing chart may 
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then be repeated with a new row address R and a new column 
address C. 

Depicted in Figure 2 is an inventive timing chart with the 
5 row address R being divided into two parts R a , R b and the 
column address C being also divided into two parts C a/ C b . 
By dividing row address R into the parts R a/ Rb and column 
address C into the parts C a , C b/ the number of pins at the 
address bus ADDRESS may be reduced by a factor of 
10 substantially two. In the depicted case, the number of parts 
N=2 and'an exemplary address bus size ADR=13 results in the 
total number pins T according to an inventive embodiment as 




15 As can be seen from the timing chart at the beginning of the 
first rising edge the first part R a of the row address R is 
provided. After that, at the temporarily following falling 
edge of the timing clock signal CLOCK or strobe (s) , the 
second part R b of the row address is provided. By that, with 

20 a latency of half a clock period, the complete row address R 
is provided. With a latency of two rising edges, the column 
address is provided within two parts, C a , C b . 

As can be seen from figure 2, the first part C a of column 
25 address C is provided at the first falling edge after the 
latency of two rising edges. The column address may, 
however, consist of more than two parts. In such a case, it 
is possible, according to embodiments, that a first part may 
already be delivered earlier than the first falling edge, 
30 after the latency of two rising edges. The only limit for 
delivering the column address earlier may be that the row 
address needs to be fully delivered. 
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The second part C b of the column address C may then be 
provided at the temporarily consecutive rising edge. As can 
be seen from a comparison between figure 1 and figure 2, 
5 according to this embodiment, with the address information 
being divided into two parts, the row address R is provided 
with a latency of half a clock cycle and the column address 
C is provided at the same time as without division of the 
address information. The data is provided at the data bus 

10 DATA at the same time as without division of address 

information. Column address C is not delayed with half a 
clock cycle, since the controller or the central processing 
unit may. start sending column address C half a clock period 
earlier then in case of standard addressing, as addressing 

15 is already possible during a falling edge. 

Figure 3 depicts a timing chart for embodiments with four 
parts of address information. As can be seen from Figure 3, 
on address bus ADDRESS the four parts R a , R b/ R c , Rd of row 
20 address R are provided at four first rising and falling 

edges of timing clock signal CLOCK or strobe signal (s). The 
delay for providing the row address R is one complete clock 
cycle . 

25 A column address C is provided in four parts C a , C b , C c , C d 
after a latency of two rising edges on address bus ADDRESS. 
Not depicted, however possible, is the delivery of the 
column address earlier than after a latency of two rising 
edges . 

30 

Not depicted is the provision of data D on data bus DATA 
after a further delay of two rising edges at the third 
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consecutive rising edge, which follows the depicted clock 
cycle . 

Figure 4 depicts a consumer electronic device 2 comprising a 
5 central processing unit CPU 4, control and I/O bus 6 between 
CPU 4 and storage memory 12, address bus 8, data bus 10, and 
memory device 14. Memory device 14 comprises processor 14a, 
and memory banks 14b, storing the actual data. 

10 Storage memory 12, which may for example be a computer 
program product, such as a data carrier, may provide a 
computer program via I/O bus 6 to central processing unit 4 
for retrieving data from memory device 14 . The computer 
program comprises instructions operable to process central 

15 processing unit 4 to provide memory device 14 via address 
bus 8 with row address and column address in a row address 
strobe (RAS) and a column address strobe (CAS) , which 
signals are divided into two parts. 

20 Each of the parts of the signals comprises a segment of the 
complete address information. Central processing unit 4 
provides via address bus 8 first a first part of a row 
address at a rising edge of a clock signal (not depicted) . 
The second part of the row address is provided via address 

25 bus 8 at the following falling edge of the clock signal. 

After a timing delay, central processing unit 4 provides via 
address bus 8 at a following falling edge a first part of a 
column address and at the consecutive rising edge of the 
30 clock signal a second part of the column address. 

By that, one particular memory block within a memory area 
may be selected. Processor 14a process the parts of the 
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provided address information and retrieves the data from the 
respective data block of memory bank 14b. The retrieved data 
is provided by processor 14a onto data bus 10 and may be 
further processed by central processing unit 4. 

5 

By providing address information in parts, memory device 14 
only needs to provide a reduced number of address terminals 
for a given address bus bandwidth. For instance, an address 
bus with 13 bit bandwidth only needs 7 terminals to provide 
10 the complete address in case the addresses are divided into 
two parts. This allows increasing address bus bandwidth 
without increasing the number of terminals of the memory 
device . 
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